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P
relim
inary
w
ork
is
presented
on
halo
current
sim
ulations
in
IT
E
R
.

T
he
�
rst
step
is
the
study
of
V
D
E
(vertical
displacem
ent
event)
instabilities[1].
T
he
grow
th
rate
is

consistent
w
ith
scaling
inversely
prop
ortional
to
the
resistive
w
all
p
enetration
tim
e.
T
he
sim
ulations

have
self
consistent
resistivity
prop
ortional
to
the
�
3=2
p
ow
er
of
the
tem
p
erature.
S
im
ulations
have

b
een
done
w
ith
tem
p
erature
contrast
b
etw
een
the
plasm
a
core
and
w
all
of
100,
to
m
odel
the
halo

region
b
etw
een
the
core
and
resistive
shell.
S
om
e
3D
sim
ulations
are
show
n
of
disruptions
com
p
eting

w
ith
V
D
E
s.
T
he
toroidal
p
eaking
factor
can
b
e
as
high
as
3,
and
the
halo
current
fraction
as
high
as

40%
:

T
he
part
of
the
m
esh
adjacent
to
the
outer
w
all
(the
IT
E
R
-
F
E
A
T
�
rst
w
all)
w
as
m
ade
using
the

ellipt2d
package
[2].



F
ig.1
M
esh
in
p
oloidal
plane

T
he
code
includes
a
tem
p
erature
equation,
w
ith
therm
al
conduction
along
the
m
agnetic
�
eld
m
od-



eled
by
the
arti�
cialsound
m
ethod.
T
he
resistivity
is
prop
ortionalto
T
�

3=
2,
w
here
T
is
the
tem
p
erature.

T
he
halo
region
b
etw
een
the
plasm
a
core
and
the
w
all
is
m
odeled
as
a
cold
resistive
plasm
a.
S
im
ula-

tions
have
b
een
done
w
ith
core
tem
p
erature
100
tim
es
the
halo
tem
p
erature,
for
a
resistivity
contrast

of
1000:

T
he
M
3D
code
includes
resistive
w
all
b
oundary
conditions,
w
hich
m
atch
the
solution
inside
the

resistive
w
all
to
the
exterior
vacuum
solution.
T
he
exterior
problem
is
solved
w
ith
a
G
reen's
function

m
ethod,
using
A
.
P
letzer's
G
R
IN
code.

R
e
sistiv
e
W
a
ll
B
o
u
n
d
a
r
y
C
o
n
d
itio
n
s

O
n
the
resistive
w
all
b
oundary,
integrating
r

�
B
across
the
thin
shell
gives

^n
�
B
v
=
^n
�
B
p

(1)

w
here
^n
is
the
outw
ard
norm
al
from
the
plasm
a.

T
he
vacuum
�
eld
is
solved
by
the
G
R
IN
code.
F
or
an
axially
sym
m
etric
w
all,
the
vacuum
�
eld
is

�
rst
F
ourier
expanded.
F
rom
G
reen's
identity
one
has
an
integral
equation
relating
^n
�

B
v
to
^n
�
B
v

on
the
b
oundary
contour.

N
ow
the
m
agnetic
�
eld
com
p
onents
in
the
plasm
a
have
to
b
e
m
atched
using
resistive
evolution
at

the
inner
b
oundary,
w
hich
is
a
thin
resistive
shell
of
thickness
Æ
and
resistivity
�
w
:

O
hm
's
L
aw
in
the
plasm
a
adjacent
to
the
resistive
w
all
is

@
A@

t
=
r
�
+
�
wÆ
^n
�

(B
v
�

B
p):

(2)

V
acuum
currents
are
m
odeled
w
ith
a
\virtual
casing"
condition,
requiring
^n
�

B
v
=
^n
�

B
v
in
the



initial
equilibrium
.

V
D
E

S
im

u
la
t
io
n
s

T
he
V
D
E
instability
grow
th
rate
is
inversely
prop
ortional
to
the
w
all
resistive
p
enetration
tim
e,

or
�
w
:
T
his
scaling
is
consistent
w
ith
sim
ulations,
as
w
ill
b
e
show
n
b
elow
.
T
o
get
the
scaling
it

seem
s
necessary
to
b
e
in
a
regim
e
in
w
hich
the
core
resistive
decay
tim
e
is
long
com
pared
to
the
w
all

p
enetration
tim
e,
w
hich
in
turn
is
longer
than
the
halo
current
resistive
decay
tim
e,

�
core
>
�
w
>
�
h
a
lo :

H
ere
�
core
=
S
�
A
;
and
�
h
a
lo
=
(T
h
a
lo =T
core )
3=2�

core ;
w
here
�
A

=
R
=v
A

is
the
A
lfv�en
tim
e,
R
is
the

m
ajor
radius,
v
A

is
the
A
lfv�en
velocity,
S
=
a
2v

A
=(�
R
)
=
10
4
in
the
sim
ulations,
w
here
a
is
the

geom
etric
half
w
idth
in
the
m
idplane,
and
S
is
the
initial
value
at
the
m
agnetic
axis.
In
the
follow
ing,

T
h
a
lo
=
10
�

2T
core ;
w
here
T
h
a
lo
and
T
core
are
halo
and
core
tem
p
eratures,
and
�
w

=
Æ
w
=�
w
S
�
A
:
W
e

have
chosen
param
eters
in
the
regim
e

1
>

�
w

�
core
>
10
�

3
=
�
h
a
lo

�
core

F
or
over
tw
o
orders
of
m
agnitude
variation
in
�
w
=Æ
w
,
the
grow
th
rate
of
the
V
D
E
scales
as



=
4:0�
w
=Æ
w
:

(3)
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Fig.2 Growth rate of VDEs vs. �w=Æw

The nonlinear stage of the VDE is shown below at time t = 103�A.
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D
isruption
S
im
ulations

In
three
dim
ensional
sim
ulations,
disruptions
can
occur.
In
one
scenario,
a
disruption
causes
a

therm
al
quench,
w
hich
in
turn
causes
a
current
quench.
T
his
is
accom
panied
by
a
V
D
E
.
T
he
initial

state
has
q
=
0:6
on
axis,
w
ith
an
inversion
radius
including
m
ost
of
the
core
plasm
a.
T
his
is
internal

kink
unstable.
W
hen
the
instability
is
suÆ
ciently
nonlinear,
toroidal
coupling
to
other
m
odes
causes
a

disruption.
T
he
plasm
a
cools
b
ecause
of
transp
ort
along
stochastic
�
eld
lines.
T
his
raises
the
resistivity

and
dissipates
the
current.
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F
ig.4
(a)
norm
alized
p
eak
toroidal
current
(dotted
line)
and
p
eak
tem
p
erature
vs.
tim
e
(b)
toroidal

p
eaking
factor
(tpf)
and
halo
current
fraction
�
10
(dashed
line)
vs.
tim
e.

T
he
tem
p
erature
quench
proceeds
the
current
quench.
T
he
current,
plotted
w
ith
a
dashed
line,

declines
in
value
m
ore
slow
ly
than
the
tem
p
erature,
show
n
as
a
solid
line.
T
he
toroidal
p
eaking
factor

alm
ost
reaches
3,
but
m
ost
of
the
tim
e
oscillates
around
2.
T
he
p
eak
current
fraction
is
40%
:
T
he



halo
current
is
the
norm
al
com
p
onent
of
the
p
oloidal
current
integrated
over
the
w
all,

I
h (�
)
=
12
Z

j^n
�
J
jR
d
`

T
he
toroidal
p
eaking
factor
is
the
m
axim
um
of
I
h (�
)
divided
by
its
toroidal
average
<

I
h

>
=

1=(2�
) R
I
h d
�
,

tpf
=
I
h
(m
a
x
) =
<
I
h
>
:

(4)

T
he
totaltoroidalcurrent
is
I
�
=
R

J
� d
R
dZ
and
the
�
average
is
<
I
�
>
.
T
he
halo
current
fraction

is
the
ratio
<
I
h
>
=
<
I
�
>
:
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F
ig.5
P
oloidal
F
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at
t
=
(a)
87t
A
(b)
113t
A
(c)
138t
A

T
he
disruption
occurs
at
tim
e
t
=
87�
A
.
T
he
V
D
E
occurs
later
at
tim
e
t
=
126�
A
.
T
he
V
D
E
is

caused
by
the
loss
of
p
oloidal


ux
in
the
plasm
a,
w
hile
the
p
oloidal


ux
in
the
divertor
is
unchanged.

T
his
m
oves
the
toroidally
averaged
m
agnetic
axis
into
the
divertor.
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